Abstract There is growing policy and academic interest in transferring ecosystem service values from existing valuation studies to other ecosystem sites at a large geographic scale. Despite the evident policy demand for this combined transfer and "scaling up" of values, an approach to value transfer that addresses the challenges inherent in assessing ecosystem changes at a national or regional level is not available. This paper proposes a methodology for scaling up ecosystem service values to estimate the welfare effects of ecosystem change at this larger geographical scale. The methodology is illustrated by applying it to value the impact of climate change on European wetlands for the period 2000-2050. The proposed methodology makes use of meta-analysis to produce a value function. The parameters of the value function include spatial variables on wetland size and abundance, GDP per capita, and population. A geographic information system is used to construct a database of wetland sites in the case study region with information on these spatial variables. Site-specific ecosystem service values are subsequently estimated using the meta-analytic value function. The proposed method is shown to enable the adjustment of transferred values to reflect variation in important spatial variables and to account for changes in the stock of ecosystems.
valuation studies to other, so-called policy sites (Navrud and Ready 2007) . Value (or benefit) transfer is the procedure of estimating the value of an ecosystem of current policy interest (policy site) by assigning an existing valuation estimate for a similar ecosystem (study site). Value transfer methods can be divided into three categories: unit value transfer (without or with adjustments; usually for income differences); value function transfer (using an estimated value function from an individual primary study); and meta-analytic function transfer (using a value function estimated from the results of multiple primary studies). For a number of reasons the application of any of these value transfer methods may result in significant transfer errors, i.e. transferred values may differ significantly from the actual value of the ecosystem under consideration. There exists a sizeable literature that tests the accuracy of value transfer, of which Rosenberger and Stanley (2006) , Eshet et al. (2007) , and Johnston and Rosenberger (2009) provide useful overviews. Although some studies find very high transfer errors (e.g. Downing and Ozuna 1996; Kirchhoff 1998) , most studies find transfer errors in the range of 0-100% even in international value transfers (Ready and Navrud 2006) . The required accuracy of value transfer is context specific, with arguably a higher requirement for accuracy in the case of setting compensation payments for environmental damage or in cost-benefit analysis of specific investments than for more general policy settings.
Assessments of environmental impacts at large geographic scales, such as the Stern review on the economics of climate change (Stern 2007) , the Cost of Policy Inaction study on biodiversity (Braat and ten Brink 2008) , and The Economics of Ecosystems and Biodiversity programme (TEEB 2010) bring a new dimension to value transfer. All three studies analyse global economic effects. In this study we make an important distinction between value transfers that estimate the value of a single or small number of individual ecosystem sites and the "scaling-up" of values that provide estimates for all ecosystem sites within a large geographic area. The term "scaling up" is used to describe the transfer of values that have been estimated for localised changes in individual ecosystem sites to assess the value of changes in multiple ecosystem sites within a large geographic area (e.g. country or region). While value transfer to a single ecosystem site is already complex, scaling up values is accompanied by additional complexity and methodological difficulties.
At the level of individual ecosystem sites, marginal unit values for ecosystem services are likely to vary with the characteristics of the ecosystem site (area, integrity, and type of ecosystem), beneficiaries (number, income, preferences) , and context (availability of substitute and complementary sites and services). The transfer of values to an individual ecosystem site needs to account for variation in these characteristics between study sites and the policy site. Localised changes in the extent of an individual ecosystem patch may be adequately evaluated in isolation from the rest of the stock of the resource, which is effectively assumed to be constant. The effects of phenomena, such as climate change, that cause changes in all or a large proportion of ecosystem sites within a region require, however, that the effect of changes in the stock of the ecosystem on the marginal values of individual sites is taken into account. When valuing simultaneous changes in multiple ecosystem sites within a region (i.e. scaling up values), it is not sufficient to estimate the value of individual ecosystem site values and aggregate without accounting for the changes that are occurring across the stock of the resource. As an environmental resource becomes scarcer, its marginal value will tend to increase (Fisher et al. 2008) . This means that multiplying a constant marginal value by the change in area of an ecosystem site, as is usually done in scaling up exercises, is likely to underestimate the value of the change (Bockstael et al. 2000) . This point is elaborated upon further in Fig. 1 , Sect. 2. One of the criticisms of the analysis by Costanza et al. (1997) , which "scaled up" values from study site information to the global scale, is that their methodology did not account for the (implicit in their analysis) simultaneous change in all other ecosystems sites. It is this challenge that we address in this paper.
In this paper we propose a methodology for scaling up values for changes in the stock of ecosystems at large geographic scales using a meta-analytic value function combined with spatial data derived from a geographic information system (GIS). Importantly, the value function includes a parameter capturing the abundance of similar ecosystem sites in the vicinity of each study site, which can be used to adjust marginal values following changes in resource availability. We illustrate this methodology in a case study of the impact of climate change on European wetlands for the period 2000-2050.
The structure of the remainder of the paper is as follows. Section 2 describes our proposed methodology for using meta-analysis and GIS to estimate the value of ecosystem change at a large geographic scale. Section 3 illustrates this method with a case study on the impact of climate change on wetlands in Europe, and includes a description of the meta-analysis of wetland values, the GIS procedures used to construct spatial information on wetland sites, and the valuation results. Section 4 provides a discussion of the sources of uncertainty in such an analysis. Finally, Sect. 5 provides conclusions.
Methodology for Scaling Up Ecosystem Service Values
In this section we outline our proposed method for using value transfer to estimate the value of changes in ecosystem service provision at large geographic scales. Conceptually, the economic value of a loss in the provision of an ecosystem service can be expressed as the area under the social Hicksian demand curve for the service that is bounded by the prechange level of provision and the post-change level of provision, everything else being equal. Figure 1 shows a downward sloping demand curve for the flow of ecosystem services. The value of a loss of area (e.g. from A to B) can be evaluated as the area under the demand curve. If this change is valued simply as the change in ecosystem extent (A-B) multiplied by a constant marginal value evaluated at the pre-change level of resource availability (P A ), the welfare change associated with the loss in area will be underestimated (indicated by the shaded triangle in Fig. 1) .
We propose the use of a meta-analytic value function to obtain information on how marginal values vary with changes in the abundance of an ecosystem. By including an explanatory variable in the meta-regression function that captures the abundance of similar ecosystem sites in the vicinity of each study site, the estimated coefficient on this variable provides us with a means of adjusting transferred values to account for changes in the stock of the ecosystem. This approach requires sufficient variation in the underlying primary valuation data on resource availability between study sites to be able to estimate this effect on site specific marginal values.
Meta-analytic function transfer offers a relatively accurate approach to value transfer by allowing differences in site and context variables to be controlled for (Rosenberger and Phipps 2007) . As such it is generally understood to produce lower transfer errors than (adjusted) unit value transfer and value function transfer (Johnston et al. 2005; Moeltner et al. 2007; Shrestha et al. 2007 ). In addition, this approach is well suited to valuing large numbers of diverse policy sites in that the estimated value function can be applied to a database containing information on ecosystem and socio-economic characteristics of each policy site. The limitations and challenges faced in using meta-analytic functions for value transfer are discussed in Sect. 4. The steps in our proposed method for transferring values for changes in ecosystem stocks are: (Bateman et al. 2006) . We opt to transfer values to individual ecosystem sites rather than to individual beneficiaries for two reasons. Firstly, several valuation methods do not produce estimates of WTP per person (e.g. production function and net factor income methods). Similarly, some ecosystem services are not straightforwardly expressed in per beneficiary terms (e.g. support to commercial fisheries, carbon sequestration). Secondly, the identification of the appropriate economic constituency to which per beneficiary values can be transferred is often problematic due to a lack of prior information on the spatial extent of the market for policy sites. In our proposed method we account for differences in economic constituency between policy sites by including adjustment factors for population and income levels in the value function (see step 2). 2 Smith and Pattanayak (2002) and Nelson and Kennedy (2009) provide best practice guidelines for conducting meta-analyses of the economic valuation literature and address the additional requirements for value transfer.
for each of these variables at pre-and post-change states for each policy site (e.g. at two different points in time or for two different policy scenarios). 4. For each policy site, estimate the marginal value per hectare at the pre-change and post-change levels. This is done by substituting in pre-and post-change variable values into the meta-analytic value function. Calculate the average of the pre-change and postchange marginal values per hectare for each site in order to approximate the average per hectare value of the area that is lost (i.e. the average of P A and P B in Fig. 1 ). 3 5. Multiply the value per hectare for each site by the change in area for each site. This gives an estimate of the value of the change in size of each ecosystem site. 6. Aggregate the estimated changes in value of individual policy sites to the regional or national level. This gives the annual value of the change in ecosystem service provision at that scale. 4 Some important limitations on the scale at which this methodology can be applied are recognised. Firstly, changes in the supply of ecosystem services can be evaluated in this way for cases in which the provision of services is proportional to the geographic size of ecosystem sites. The provision of ecosystem services, however, often follows a complex relationship with ecosystem size. In the extreme, the relationship between ecosystem functioning, provision of services and ecosystem scale can completely break down, i.e. in the case that an ecological threshold is reached (indicated by the shaded area in Fig. 1 ). An ecological threshold is usually understood to be the point at which an ecosystem ceases to function (Scheffer et al. 2001) . As an ecosystem is altered (loss of area, species, material/water input, etc.) its ecological functioning and provision of services may gradually decline up to a point where the ecosystem collapses and the provision of ecosystem services abruptly cease-the area of ecosystem or level of disturbance at which this occurs is a threshold (Perrings and Pearce 1994) . There is usually a high degree of uncertainty regarding the nature and location of ecological thresholds and it is difficult (and, when the change occurs sufficiently far from the threshold, not relevant) to define critical thresholds for every ecosystem service (Fisher et al. 2008 ). Since our proposed method implicitly assumes that the provision of all ecosystem services is proportional to the geographic size of the ecosystem sites, it does not apply to changes in ecosystem service provision that exceed ecological thresholds. Indeed, it is no longer possible to obtain meaningful economic values for changes in the stock of critical natural capital that exceed ecological thresholds (Mullan and Kontoleon 2008) . Secondly, primary valuation studies generally measure the value of ecosystem services around present levels of overall provision (studies generally focus on single sites, with the implicit or explicit assumption that the level of provision of services from substitute sites is not changed) and the current availability of substitutes is therefore reflected in the value of the study site. The value of very large changes in resource availability is therefore beyond the domain of our observations. This makes the assessment of the value of a very large change or complete loss of an ecosystem in a region impossible. Our proposed method for valuing changes in ecosystem service provision is therefore applicable to measuring changes in the stocks of ecosystems but not changes of a magnitude that exceed ecological thresholds or result in resource scarcity that is not represented by study sites valued in the available primary valuation literature.
Application to Value Changes in the Extent of European Wetlands
In this section we illustrate the methodology set out in Sect. 2 to estimate the value of changes in wetland ecosystem services due to climate change in Europe for the period 2000-2050. Section 3.1 describes the meta-analytic value function for wetland ecosystem services; Sect. 3.2 provides a description of the GIS procedures and the spatial data on wetlands in the case study region; Sect. 3.3 presents the results and provides a discussion.
Meta-analytic Value Function for Wetlands
The data set used to estimate the meta-analytic value transfer function contains 222 independent observations of wetland values for temperate climate zone wetlands (mainly from the US and Europe). These data are taken from 120 primary valuation studies, so in many cases we obtain multiple value estimates from a single study. This was only done if estimates from the same study represent genuinely independent values, i.e. obtained using different data, valuation methodology, and/or measure different ecosystem services. Values reported in the literature include estimates for the total loss of individual wetland sites, marginal changes in wetland area, the total value of the flow of services (without reference to any change in the resource), and marginal changes in wetland quality. Value estimates are included in the metaanalysis if they can be standardised to our chosen definition for the dependent variable, i.e. US$/hectare/year. Value estimates for changes in wetland quality are therefore not included in the data. For a complete overview of this data set regarding sources and standardisation of values see Ghermandi et al. (2010) . The data used in the present analysis are for temperate climate zone wetlands only, since the case study is on European wetlands, and are therefore a subset of the data described in Ghermandi et al. (2010) .
The meta-analytic regression model is given in Eq. 1.
The dependent variable (y) in the meta-regression equation is the vector of the wetland values standardized to 2003 US$ per hectare per year. The subscript i assumes values from 1 to 222 (number of observations), a is the constant term, b S , b W and b C are the coefficients of the explanatory variables and u is a vector of residuals. The explanatory variables consist of three categories giving characteristics of: (i) the valuation study X S , (ii) the valued wetland X W , and (iii) the socio-economic and geographical context X C . Table 1 presents the full list of variables included in the analysis with the mean and standard deviation of each. The meta-regression results are presented in Table 2 . A series of diagnostic tests were performed in order to test the robustness of the OLS estimation. The Shapiro-Wilk test (p level = 0.621) does not reject the assumption of normally distributed residuals. Similarly, the null hypothesis of homogenous variance of the residuals cannot be rejected by White's test for heteroskedasticity (White's statistic = 12.876). Regarding model specification, the regression specification error test for omitted variables (RESET statistic = 0.043) does not suggest specification errors. The estimated coefficients on the context variables all have expected signs. The coefficient on the wetland abundance variable (measured as the area of wetland within a 50 km radius of the valued wetland site) is negative, albeit not quite statistically significant at the 10% level, indicating that as wetland abundance increases, the value of a hectare of wetland tends to be lower. 5 Similarly, the coefficient on size of the wetland site is negative, indicating diminishing returns to scale with wetland size. In other words, the value of adding an addi- Climate change is expected to have numerous and complex impacts on the provision of ecosystem services from wetlands in Europe. Impacts of climate change on wetlands include changes in hydrology, sea level rise (for coastal wetlands), and temperature rise and variability, which will affect temperature sensitive wetland plant and animal species and water quality. Relatively small changes in precipitation, evaporation, or transpiration, which alter surface or ground water level by only a few centimetres, can be enough to reduce many wetlands in size. Heavy rain events as well as dry spells in western and central Europe are expected to become more intense and lead to more extreme conditions in terms of water level fluctuations. The potential for wetland species to migrate in response to changes in climate is seen as limited (Davis and Shaw 2001) . The anticipated impacts of climate change on wetlands are not all negative and several countervailing effects are expected. Higher carbon dioxide levels in the atmosphere may lead to higher growth rates and biomass accumulation in most plants. In addition, an important adaptation option for dealing with increased risks of river flooding due to climate change is to create more space for large rivers through the rehabilitation of floodplain areas (Duel et al. 1994; Marchand et al. 1995) . Such measures are expected to partially restore the size and functioning of floodplain wetlands (Bischoff and Wolter 2001; Buijse et al. 2002) .
The effects of climate change on wetlands will impact the provision of wetland services. The spatial distribution of effects, however, will be heterogeneous and dependent on local or regional changes in climatic factors and from the point of departure in the physical/hydrogeographical characteristics of each specific wetland site. Detailed spatially explicit projections for the impacts of climate change on wetlands in Europe are currently unavailable. For the purposes of our case study in value transfer, we therefore describe a general scenario of wetland change in Europe under climate change. Following Nicholls (2004), we assume a rate of wetland loss of 8% for the period 2000-2050. We are therefore comparing two scenarios of ecosystem service provision from wetlands, one in which the present stock of wetlands is conserved at its 2000 level and an alternative scenario in which the extent of wetland is uniformly reduced by 8%. We assume that this 8% area change will not drive wetland ecosystems beyond any ecological threshold. It is noted that the impacts of climate change are additional to existing stresses and trends in wetland extent and functioning. The analysis To spatially model wetland ecosystems in Europe we make use of the European Environment Agency's CORINE seamless vector land cover data (Bossard et al. 2000) . A GIS is used to obtain information on the physical (ecosystem size, wetland type, wetland abundance) and socio-economic (income, population) characteristics of each wetland site in this data set. The sizes of the areas of individual wetland sites have been calculated with the calculate geometry function in the applied GIS software (ArcGIS from ESRI). We also calculate the centre-points of the areas of the wetland sites.
The wetland abundance variable is defined as the summed area of wetlands within 50 km of the centre-point of each wetland site. The map in Fig. 2 shows an example of how wetland abundance is calculated for each site. It shows the centre-point of an intertidal mudflat in the Republic of Ireland with a surface of 805 ha, surrounded by 147,406 ha of other wetland areas in a circular 50 km zone. In the present analysis, the cumulative wetland area within a 50 km radius is considered, i.e. no distinction is made between different wetland types.
The population in the vicinity of each wetland site (defined within a radius of 50 km of the centre of each wetland) is calculated using the Gridded Population of the World dataset (GPWv3) of the Socioeconomic Data and Applications Center (SEDAC). The process by which this data can be generated is described in Wagtendonk and Omtzigt (2003) . Population growth projections for the EU member states are taken from Corone et al. (2006) . These projections are at the national level and do not reflect more refined spatial trends in population change, e.g. migration from rural to urban areas.
The GDP per capita figures for the NUTS2 regions in which each wetland is located were calculated by combining Eurostat statistics for GDP in 2003 at current market prices at NUTS level 2 with the administrative map units downloaded from the EEA data service. Projected growth in GDP for the EU member states for the period to 2050 was taken from Corone et al. (2006) . The CORINE database contains information on 53,743 European wetland sites. It was not, however, possible to generate the spatial variables required for all of these sites due to missing data in some of the data sets used. The number of wetlands for which all spatial variables are available is 50,533, which is 94% of the wetlands in the CORINE database.
Value Transfer Results
We use the meta-analytic value function described in Sect. 3.1 to assign site specific per-hectare values to all wetlands under the conservation scenario and the climate change scenario, evaluating them at the projected 2050 population and per-capita incomes, but taking account of the differences in wetland abundance and wetland size between the two scenarios. 8 In other words, both scenarios are valued from the perspective of beneficiaries in 2050 (population and income levels). The value function is set to estimate marginal values, i.e. the dummy variable distinguishing between marginal and average values is set to 1. We then multiply the change in area of each wetland with the site specific marginal per-hectare value (i.e. the mean of the marginal per hectare values for the two scenarios for each site).
For the purposes of illustration, Table 3 shows the values of key variables used in the calculation of the value of change in a single wetland in the United Kingdom. Over the period 2000-2050, the wetland reduces in size from 327 to 301 ha (a change of 26 ha). The abundance of wetlands within a 50 km radius of the wetland also declines slightly over the same period (by definition, also by 8%). These values, together with the population within a 50 km radius and the GDP per capita for the NUTS2 region in 2050, and a dummy indicator of the 8 Since we do not have information regarding the wetland ecosystem services provided by each wetland policy site we assume that each wetland provides the average level of ecosystem services observed in the wetland valuation database, i.e. the meta-analytic value function is set to estimate the value of the average level of ecosystem service provision. This assumption may be questioned if the set of study sites are unrepresentative of the set of policy sites in terms of service provision, for example in the case of research priority selection bias (Hoehn 2006) . Similarly, we set the meta-analytic value function to estimate the value produced by the average valuation method in the data underlying the meta-regression. The mean values of these explanatory variables are presented in Table 1. wetland type, are substituted into the meta-analytic value function to estimate per hectare values for the wetland under the conservation scenario (equal to wetland stock in 2000) and the climate change scenario (wetland stock in 2050, 8% below 2000 level). The changes in area of the wetland site and wetland abundance cause the value per hectare of the wetland to increase slightly from 6,188 to 6,370 US$/ha 9 (the mean marginal value per hectare between the two scenarios is therefore 6,279 US$/ha). Multiplying this value by the change in area gives the value of the change: −US$ 164,255. Note that this is an annual value, i.e. it is the value of the annual flow of ecosystem services that are lost due to the reduction in wetland size. Table 4 presents the results for all wetland changes aggregated by country. The annual value in 2050 of lost ecosystem services in Europe resulting from wetland change due to climate change is estimated to be approximately US$ 1 billion (at 2003 price levels). Lower and upper bound values are calculated using the 95% prediction intervals for each wetland site, which are computed using the method proposed by Osborne (2000) . The prediction intervals provide an indication of the precision with which the estimated value function can predict out of sample values. They do not, however, reflect a number of other sources of uncertainty, which are discussed in Sect. 4.
There is considerable variation in the area of wetland change and the value of this change across European countries. For example, Finland experiences the second highest total loss of wetland area (157,757 ha) but the value of this change (US$ 34 million) is low relative to other countries due to the abundance of its wetlands and its low population density (low number of ecosystem services beneficiaries). In contrast, Italy experiences a smaller loss of wetland area (5,511 ha) but the value of this loss (e54 million) is considerably higher due to the scarcity of wetlands in Italy and higher population density.
The results of this case study application will be subject to errors for a number of reasons. These include: (a) transfer errors arising from not being able to control for all variation in wetland ecosystem service values using the limited explanatory variables in the meta-analytic value function, (b) inaccuracies in the land use data used to construct the database of European wetland sites, and (c) the simple assumptions used to describe the impacts of climate change on the extent and spatial distribution of wetlands. A general discussion of sources of uncertainty in scaling up values is provided in the next section. The main purpose of the case study, however, is to provide an illustration of the proposed methodology for scaling up values rather than precise estimates of climate change impacts. The case study should be re-examined when better valuation data and more detailed and spatially explicit land use projections become available.
Sources of Uncertainty
Ideally we would be able to provide a quantified measure that reflects all sources of uncertainty in the analysis, e.g. in the form of an interval around the predicted value and the probability that the true value falls within that range. Computing such prediction intervals, however, requires information on the precision of the data and models used at each stage in the scaling up analysis. It is important to recognise that the analysis involves an aggregation of uncertainties from multiple sources at each step. In this section we identify and discuss the sources of uncertainty that are present in the proposed scaling up approach. The primary valuation estimates from which the meta-analytic value function is estimated are subject to a number of sources of error. Measurement error in primary valuation estimates may result from weak methodologies, unreliable data, analyst errors, and the whole gamut of biases and inaccuracies associated with valuation methods (Rosenberger and Stanley 2006) . Measurement error may also derive from the process by which estimated values are aggregated. Bateman et al. (2006) show that the identification of the constituency of beneficiaries over which WTP estimates are aggregated, and the adjustment of WTP estimates to reflect beneficiary characteristics, can lead to significant errors in resultant aggregate values. Meta-analytic value functions based on this literature are therefore expected to suffer from parameter uncertainty but the quantification of this uncertainty is challenging. Standard errors for the parameters estimated in the meta-analytic value function are available but these do not necessarily fully reflect imprecision in the data underlying the analysis.
In addition to measurement error in the underlying valuation literature, the sample of values available in the literature may be biased and unrepresentative ). Publication selection bias arises when the publication process through which valuation results are disseminated results in an available stock of knowledge that is skewed to certain types of results and that does not meet the information needs of value transfer practitioners. In the economics literature there is generally an editorial preference to publish statistically significant results and novel valuation applications rather than replications, which may result in publication bias (Rosenberger and Stanley 2006) . Similarly, there may be a bias in the available stock of knowledge due to research priority selection, i.e. the implementation of primary valuations at study sites for which there is high awareness and policy interest. Hoehn (2006) shows in a meta-analysis of wetland values that research priority selection can lead to substantial over estimation of mean wetland values in value transfer. See Rosenberger and Johnston (2009) for a review of the available approaches for ameliorating the impacts of selection effects on value transfer.
A further source of uncertainty enters the scaling up analysis at the step of transferring values to the set of policy sites in the form of generalisation error. Generalisation error occurs when values for study sites are transferred to policy sites that are different without fully accounting for those differences (Rosenberger and Stanley 2006) . Such differences may be in terms of population characteristics (income, culture, demographics, education, preferences etc.) or environmental/physical characteristics (quantity and/or quality of the good or service, availability of substitutes, accessibility etc.). This source of error is inversely related to the correspondence of characteristics of the study and policy sites (Rosenberger and Phipps 2007) . In the context of meta-analytic function transfer, generalisation error can arise due to the common limitation of meta-analyses to capture differences in the quality and quantity of the services under consideration. It is often the case that the provision of goods and services is indicated in a meta-analysis merely with binary variables, and that quality is not captured at all. This limitation may translate into transfer errors since the estimated transfer function cannot reflect important quality and quantity differences in characteristics across sites. A similar problem arises where non-identical services have been combined as one explanatory variable in the meta-analysis. Some level of aggregation across service types is often necessary in order to produce a manageable number of variables in the meta-regression, but at the cost of losing specific categories of services. There may also be a temporal source of generalisation error in that preferences and values for ecosystem services may not remain constant over time. Using value transfer to estimate values for ecosystem services under future policy scenarios may therefore entail a degree of uncertainty regarding whether future generations hold the same preferences as current or past generations. This source of uncertainty is also difficult to quantify. A limited measure of generalisation error can be obtained by examining the differences between observed primary values and predicted values. The meta-analytic value function can be used in a jack-knife or n − 1 data splitting exercise to predict the values found in the primary valuation literature and compute mean absolute percentage errors (e.g. Brander et al. 2006 ). This provides a measure of generalisation error within the sample of primary valuation estimates but does not necessarily represent the full set of policy sites.
The GIS data and spatial modelling underlying the spatial variables included in the value data and the identification and description of policy sites are also subject to a degree of uncertainty. The selection of spatial data followed a set of criteria to identify reliable data sets. These criteria include the consistency, accuracy and credibility of the data. Nevertheless, the requirement for data with a regional coverage necessitates the use of data that is not of the highest precision. Sources of imprecision include measurement and analyst errors but also deliberate generalizations, e.g. reclassification of land use classes in a limited number of subclasses. Another potential source of error is the assignment of geographic coordinates to the selected study sites. Depending on the geographic information provided in the primary studies, the centroids of some study sites can be located accurately, whereas others can only be located on much coarser scale.
Conclusions
The paper proposes a methodology for scaling up values for changes in ecosystem service provision at large geographic scales and illustrates the procedure with a case study on wetland change due to climate change in Europe. The proposed methodology makes use of meta-analytical value transfer to produce a value function that is subsequently applied to estimate values of individual ecosystem sites. Site-specific, study-specific and contextspecific variables are used to define a price vector that captures differences between sites. The proposed method is shown to be practicable and to enable the adjustment of transferred ecosystem service values to reflect the variation in important spatial variables. There are, however, a number of issues that require further discussion and research.
Points of strength of the proposed meta-analytic value transfer technique are its ability to explicitly account for context variables that are relevant in understanding people's perceptions and preferences but are often neglected in primary valuation studies because they are constants of the analysis. Context variables included in the case study aim at assessing the influence of income effects, substitute sites, and population density on wetland values. Their spatial variability is captured on a scale based either on administrative boundaries (as for the variable real GDP per capita) or distance from the ecosystem centre (as for wetland abundance and population density). Importantly for scaling up ecosystem service values, the proposed approach enables us to adjust site specific marginal values for changes in the provision of ecosystem services from the rest of the ecosystem stock.
An important area for improvement in the proposed value transfer method is the treatment of ecosystem quality. As currently proposed, the method deals primarily with the quantity or area of ecosystems and does not deal well with changes in quality. To incorporate ecosystem quality in the value transfer process would require the definition and inclusion of quality variables in both the valuation data underlying the meta-analysis and in the data on ecosystem networks to which values are transferred. In the case of wetlands, several methods are available for assessing their ecological integrity (Fennessy et al. 2004 ). Most of them, however, are not practicable for the type of analysis that the present study aims at as they rely on local biological, physical and chemical measurements which are not available for most of the study and policy wetland sites. Some methods, however, use estimates of the anthropogenic pressures in the area surrounding the wetland as a proxy for its ecological status assuming that this strongly depends on them. Such methods are usually referred to as landscape assessments.
A further limitation of our proposed method is that it does not differentiate between services to take account of different demand and supply characteristics. In terms of demand, population and income effects are treated the same across all services. Regarding supply, we implicitly assume that the provision of all ecosystem services is equally proportional to the geographical size of the ecosystem sites. A service-specific value transfer approach could take account of such differences, but this would require service specific meta-analytic value functions. It is, however, unlikely that the current availability and quality of primary valuation data would allow for the estimation of such specific meta-analytic value functions. The potential for using meta-analysis to estimate service specific value functions will improve as more primary valuation data become available.
A related issue that requires further work is the incorporation of missing components of economic value in estimating ecosystem values. Value transfer is inevitably restricted by the availability of primary valuation studies for the specific ecosystems and services of policy interest. While there may be a large and growing number of ecosystem service valuation studies available, there are still gaps in the knowledge. In the case of wetlands, there are very few valuation studies that explicitly capture only non-use values. Filling such gaps in the available value information would require targeted primary valuation studies.
We recognise and discuss a large range of issues that introduce limitations and errors in the use of meta-analysis for scaling up values but it is the intention of this paper to move the debate forward on policy relevant value transfer applications. In response to growing political demand, there will be an increasing number of "up scaling" exercises in the near future. For example, the Convention on Biodiversity New Strategic Plan for 2020 requests that values for biodiversity be integrated into national development strategies and national accounts. Similarly, the EU Biodiversity Strategy for 2020 (Target 2, Action 5) requires Member States to assess the economic value of ecosystem services and integrate them into accounting systems at the national level. In addition, many countries are currently conducting assessments of the value of their ecosystems following the example set by the TEEB study. The approach proposed in this paper will help to give these studies a methodologically more robust basis.
